Abstract Few studies of pre-exposure prophylaxis (PrEP) to prevent HIV infection have focused on drug users. Between February to September 2013, we asked 351 opiate injectors entering detoxification treatment about HIV risk, knowledge about PrEP, and willingness to use a once daily PrEP pill under one of two randomly assigned effectiveness scenarios-40 % (low) or 90 % (high) effective in reducing HIV risk. Participants were 70 % male and 87 % non-Hispanic White. Only 7 % had heard of a drug to reduce HIV risk, yet once informed, 47 % would be willing to take such a pill [35 % of those in the low effectiveness scenario and 58 % in the high group (p \ 0.001)]. Higher perceived HIV risk was associated with greater willingness to take medication. Increasing knowledge of PrEP and the rate of HIV reduction-effectiveness promised will influence its use among targeted high-risk drug users.
Introduction
The incidence of new HIV infections related to injection drug use has remained at 15-20 % in the United States over the past decade [1] . While harm reduction practices have stabilized this rate among groups of injectors in the US, new infections continue to be a public health concern [1] [2] [3] . Encouraging clean needle and syringe use, avoidance of shooting galleries, and more frequent HIV testing are methods used to ameliorate the health risks posed by ongoing drug use [4] [5] [6] . Substance abuse treatment is also part of this paradigm and has contributed toward decreasing HIV risk among those ready to abstain from drug use [7, 8] .
Pre-exposure prophylaxis (PrEP), or using daily oral antiviral therapy as a preventive measure, has been effective in limiting sexual transmission of HIV in several different populations. Most studies have recruited persons who are primarily at risk for sexual transmission [9] [10] [11] [12] [13] [14] [15] [16] . For instance, Grant et al., [12] reported a 44 % reduction in HIV incidence among a population of men who have sex with men (MSM) taking tenofovir as PrEP, Thigpen et al., [15] reported a 62 % reduction in heterosexual men and women, and Baeten et al., [9] reported a 75 % reduction in heterosexual couples. More recently, Choopanya et al. [17] demonstrated a 44 % decrease in HIV incidence among injection drug users in Thailand prescribed tenofovir to prevent HIV infection, with a 74 % reduction observed in participants with detectable tenofovir concentrations. Based on these trials, the CDC has made recommendations for the use of once-daily, combined tenofovir plus emtricitabine as PrEP in drug injectors at very high risk for HIV acquisition [11] . However, given the wide range in reported effectiveness from previous studies, clinicians may be uncertain about how to represent PrEP's effectiveness when first introducing it to a client. This, in turn, could influence a client's willingness to take the medication.
Whether American drug injectors would be interested in receiving PrEP has not been explored [18] . According to the National Survey on Drug Use and Health, approximately 2 million persons are opioid dependent, with an estimated 15 % receiving treatment [19] . The great majority of illicit opioid users, and especially those who use drugs intravenously, do not receive substance abuse treatment and are at high risk for experiencing the adverse health consequences of drug use, including HIV infection [20] .
Drug users who may be at risk for HIV, and who could be candidates for PrEP, are identified in a variety of health care settings. Inpatient drug detoxification programs are among the most common sites where drug users, both injectors and non-injectors, initiate substance abuse treatment. The Substance Abuse and Mental Health Services Administration (SAMHSA) estimated in 2001 that one quarter of all inpatient admissions for treatment were to a detoxification facility, of which 33 % were for opiate treatment [21] . Detoxification provides patients with a medically supervised protocol to mitigate drug withdrawal symptoms, begin counseling, and access further treatment modalities after discharge [22] . Relatively brief inpatient substance abuse treatment also provides an excellent time to discuss HIV risk via injection drug use and risky sexual behaviors. This setting may be a place to introduce and initiate PrEP for those at-risk who are entering medical care.
The purpose of the current study was to examine American opioid users' knowledge of, attitudes towards, and willingness to use PrEP. We recruited drug users admitted to a detoxification program in Massachusetts, which has one of the nation's highest rates of opioid addiction [23] : (1) to examine the extent to which drug users are knowledgeable of PrEP, (2) whether perceived HIV risk is associated with willingness to take PrEP, and (3) whether level of PrEP effectiveness will influence willingness to take the medication. [24, 25] .
Methods

Participants
After assessing perceived risk, participants were then randomly assigned to be asked the following question with one of two different treatment effectiveness levels (90 %, 40 %) provided: ''Would you be willing to take a once a day pill every day to lower your risk 90 % (or 40 %) of becoming HIV positive?'' Response options were ''Definitely, Probably, Maybe, Probably Not, Definitely Not.'' After participants had responded to their willingness to take PrEP, using potential barriers to PrEP noted in other studies [26, 27] , participants were asked (regardless of assigned PrEP effectiveness level), ''How Likely would it be that you would use this medication IF…'': (1) You needed to see a clinician every 3-6 months for a new prescription, (2) You needed to get a blood test every 3-6 months to check if the pill has affected your kidney function, (3) You needed to get a regular HIV test every 3-6 months, (4) You would be charged a co-pay (fee) when you pick up the medication at pharmacy, (5) It will not work as well if you don't use it daily, (6) If a friend found out you were taking it might suggest you were at risk for HIV, (7) You were afraid you'd take more risks than usual because you think you'd be protected, (8) You still needed to use condoms to protect against sex risk. Response options were ''Very Unlikely,'' ''Somewhat Unlikely,'' ''Neutral,'' ''Somewhat Likely,'' and ''Very Likely''). Finally, participants were asked ''How likely would it be that you would share your medication with other people?'' Responses were on a 5-point Likert scale, from ''Very Likely'' to ''Very Unlikely.''
Analytical Methods
We present descriptive statistics to summarize the characteristics of the cohort. T-tests for continuous variables and Pearson v 2 tests for categorical variables were used to compare persons assigned to the low (40 %) and high (90 %) PrEP effectiveness scenarios across a range of background characteristics. These procedures were also used to describe and evaluate possible demographic and HIV-risk correlates of willingness to use PrEP. Before evaluating correlates of willingness to use PrEP, we used the likelihood-ratio v 2 statistic to test the hypothesis that these associations were conditional on assigned effectiveness scenario; specifically, we tested the first-order correlate by effective scenario interaction effect on willingness to use PrEP. Since all p-values were[0.05 we do not report separate statistics for persons assigned to low and high PrEP effectiveness scenarios. Finally, we present descriptive statistics to identify potential barriers to use of PrEP.
Results
Participants averaged 32.2 (±10.1) years of age and 246 (70.1 %) were male (Table 1) . Most (86.6 %) participants were non-Hispanic Caucasian; ethnicity was dichotomized to contrast non-Hispanic Caucasians to all other racial or ethnic minorities in subsequent analyses. Participants' mean years of education were 11.6 (±1.9). All participants reported they were HIV negative or had never been tested. Eighty-eight (25.1 %) participants said they had a partner who currently injected drugs. Just over half (54.9 %) of the participants perceived they were at some risk for HIV. More specifically 137 (39.1 %) reported they were low risk, 41 (11.7 %) said they were at average risk, 10 (2.9 %) reported they were at moderately high risk, and only 4 (1.1 %) described their risk of HIV infection as very high; perceived HIV risk was dichotomized to compare those with any perceived risk to those with no perceived risk in subsequent analyses. Twenty-six (7.4 %) participants reported they had heard of a drug to reduce HIV risk and 165 (47.1 %) reported they would be willing to take a pill that could reduce risk of HIV.
The assigned effectiveness scenario was not associated significantly with age, gender, ethnicity, educational attainment, having a partner who is an injection drug user, or having prior knowledge of PrEP (Table 1) . Persons assigned to the high effectiveness scenario were 90 % effective were significantly (p \ 0.05) more likely to report being at risk for HIV (Table 1) .
Willingness to take PrEP was not associated significantly with age, educational attainment, gender, ethnicity, partners' injection status, or prior knowledge of PrEP ( Table 2) . Rates of being willing to take PrEP were significantly higher (p \ 0.05) among persons who perceived being at some risk for contracting HIV; 55.7 % of persons who reported some HIV risk compared to 36.1 % of persons who said they were not at risk for contracting HIV said they were willing to take PrEP. Additionally, willingness to take PrEP was associated significantly with effectiveness scenario (p \ 0.05) ( Table 2 ). Over half (58.2 %) of the persons assigned to the high effectiveness scenario were willing to take PrEP compared with only 41.9 % of persons assigned to the low effectiveness scenario. Because effectiveness scenarios were associated significantly with perceived HIV risk, we also evaluated logistic regression models to control for potential confounding. After adjusting for perceived HIV risk, the estimated odds of willingness to take PrEP was 2.45 (z = -3.83, p \ 0.001) times higher among persons randomized to the 90 % effectiveness scenario. In the same model, the expected odds of willingness to take PrEP was 2.10 (z = 3.17, p = 0.002) times higher among persons who perceived at least some HIV risk. Finally, we tested the first-order effectiveness scenario by perceived HIV risk interaction; there was no evidence (OR = 1.00, z = 0.00, p = 0.996) of significant conditional effects.
Participants who reported they were willing to take a medication to reduce the risk of HIV infection were asked to rate how likely or unlikely they would be to take the medication if confronted with requirements that might present barriers to use. Table 3 gives the percentage reporting they would be somewhat or very unlikely to use PrEP if faced with each of these potential barriers. Over 1/3 (36.2 %) of persons who expressed a willingness to take PrEP said that being charged a co-pay would make it somewhat or very unlikely that they would take the medication. Other potential barriers with relatively high endorsement rates were being informed that the medication would not work as well if not taken daily (23.3 %), and being afraid of taking more risks because they think of themselves as protected (22.7 %). Potential barriers such as a need for regular blood tests (11.0 %), a need to continue to use condoms (11.8 %) to protect again sex risk, a need to regularly see a clinician (9.2 %), and a need for regular HIV testing (6.8 %) had relatively low rates of endorsement.
Participants were also asked about their willingness to share the medication with others; 10 (6.1 %) reported they were very likely to share, and 11 (6.7 %) that they were somewhat likely.
Discussion
In this sample of opiate dependent drug injectors, few participants were aware of PrEP medication to decrease HIV risk, suggesting that a greater dissemination of recent research and clinical options to at-risk populations is needed. Still, when presented with information about a medication that could reduce HIV risk, 47 % of drug users indicated they would be willing to use this preventive therapy. The perception of being at any risk for acquiring HIV and greater presumed effectiveness of the medication was each associated with greater willingness to use PrEP. Previous surveys have assessed awareness of PrEP primarily in cohorts of men who have sex with men (MSM).
Rates of having heard of PrEP were lower in our group of drug users compared to earlier MSM studies [24] [25] [26] [28] [29] [30] [31] . Limited knowledge of PrEP may be due to a low proportion of MSMs in this cohort (although these data were not collected) or to low rates of HIV in this locale, providing less experience with PrEP as a preventive strategy. In addition, the FDA had approved a label indication for use of a PrEP pill for MSMs and heterosexually active men and women in July 2012, only 9 months prior to the start of our data collection. In June 2013, mid-way through our data collection period, interim CDC guidelines recommended providing PrEP to IDUs ''at very high risk for HIV acquisition.'' With the completion of intervention trials and CDC guidelines suggesting use of PrEP in high-risk populations, interest in PrEP should expand in the US.
Increasing awareness of PrEP will be important for drug injectors, and information should be delivered in settings where drug users seek substance abuse treatment and HIV testing.
The overall perception of HIV risk among respondents was low in this cohort of primarily drug injectors. Still, we found that injectors perceived themselves to be at higher HIV risk than non-injectors and were more willing to use PrEP. While our survey did not assess specific HIV drug risk behaviors (sharing drug paraphernalia), or sex risk behaviors (frequency of condom use), injectors and those whose romantic partners were injection drug users also reported greater willingness to use PrEP. These findings suggest that participants are making logical assessments of their own and their partner's HIV risks when deciding about PrEP use [18] . We identified no sociodemographic characteristics that were associated with potential uptake of PrEP among drug users. Other studies have suggested that women at increased risk for HIV may be more likely to use PrEP [32] .
A novel aspect of this study was our investigation of whether willingness to use PrEP would be associated with a given estimate of preventive effectiveness. We used two levels of medication effectiveness that approximated levels noted in prior studies. We proposed a reduction of 40 % based on sexual risk intervention studies, which was close to the rate later reported in a Thai study of drug injectors, and a rate of 90 % based on reductions reported among subpopulations in PrEP sexual risk trials where participants were highly medication adherent [12, 16, 17] . We found, as predicted, that higher estimated medication effectiveness was associated with greater willingness to use PrEP, and multivariate analysis indicated that both perceived risk and estimated medication effectiveness had independent associations with willingness. How clinicians frame the effectiveness of PrEP to potential recipients-varying by the decision of which findings from which trials to discusswill influence patient preferences. Using intent-to-treat data from trials or results limited to participants with detectable tenofovir concentrations will likely produce different acceptance rates from high-risk persons.
We were also interested in factors related to taking a once-daily medication that might discourage persons from using PrEP. Similar to findings described in previous studies [27, 32] , cost will likely be the major barrier to PrEP among drug users. The monthly cost of PrEP will be substantial and it is unlikely that state health departments will devote meaningful parts of their funds to this purpose; whether private insurance companies are willing to cover PrEP remains to be seen. The risks of medication nonadherence and being afraid of taking more behavioral risks while on PrEP were also barriers to acceptance. Medication adherence can be problematic among HIV-positive drug You needed to see a clinician every 3-6 months for a new prescription?
(9.2 %)
You needed to get a regular HIV test every 3-6 months?
11 (6.8 %)
Observed n ranged from 161 to 165 due to item-specific missing values a Participants were asked the following stem: ''Would you be willing to take a once a day pill every day to lower your risk of becoming HIV positive? How likely would it be that you would use this medication IF…'' injectors, particularly those who continue to inject cocaine [33] , and close follow-up after provision of PrEP will be in order. Of interest was respondents' concern that PrEP might provide the opportunity to engage in drug equipment sharing and unprotected sex; such behavioral dis-inhibition and risk compensation has also been noted by MSMs [25, 27] . Unlike findings in other studies about willingness to take PrEP, more frequent HIV testing, frequent prescription renewal, and blood testing for renal function were not barriers to acceptance [18, 30, 32, 34, 35] . We did not assess whether or which medication side effects would be important barriers to PrEP use. Finally, we found that a majority of participants willing to take the medication reported not being willing to share their medication in contrast to what is reported in the literature in other at-risk populations [26] . If sharing were to occur it implies that there will be some degree of non-adherence by the study participant; sharing may also put the recipient at some risk for side effects. Whether intermittent sharing with another high-risk person has some protective effect for that person as well is uncertain. The risks posed by sharing or borrowing antiretrovirals will need to be described at the time of prescription. This study had several limitations. First, the participants asked to participate in this study were opiate dependent persons presenting for detoxification at one treatment program. Second, a large proportion of the sample was white and non-Hispanic, and our findings may not generalize to other ethnic groups. Third, participants may underreport stigmatized behaviors such as drug injection. Fourth, we did not ask participants to report their willingness to use PrEP after taking into account their full list of potential barriers to use; this strategy would likely have resulted in a lower willingness to use PrEP. Finally, willingness to take PrEP may not predict actual acceptance of PrEP. Still, intention often predicts health behaviors, and the Theory of Reasoned Action/Planned Behavior [36] has been helpful in predicting the acceptance of other HIV prophylactic behaviors [37] .
Our list of potential barriers to use would offer some insight into why drug injectors might not use PrEP if it were available. In addition to patient factors, insurance coverage and the difficulty of finding providers who would offer treatment and follow patients receiving PrEP will also be a challenge. If widely administered, the impact of PrEP on HIV incidence would depend on its effectiveness in community-based (non-research) samples. PrEP could reduce both drug-related and sex-related HIV transmission, but understanding PrEP's effect on HIV drug and sex risk behaviors will be critical. One of the risks of PrEP is that IDUs will reduce their use of proven prevention strategies such as avoiding sharing of injection equipment or condom use. Because no single strategy will be 100 % effective, the use of all available methods-pharmacological, medical and behavioral-will be necessary.
Our findings shed light on the acceptability of PrEP among a population of injection drug users in New England. Although there have been several studies assessing acceptance of PrEP among persons engaging in risky sexual behaviors, this is the first examination of attitudes regarding PrEP among a group of drug users, who might have injection drug risk as well as sexual risk, the very population that the study of Choopanya et al. [17] addressed in Asia. These data should assist in counseling discussions of ways to decrease HIV risk. Clinical discussion of possible PrEP use must occur in parallel to a discussion of HIV risk. Increasing physician's awareness of patients' perceived and real barriers to PrEP is important and likely to improve treatment planning to maximize preventive outcomes. Public health officials will need to make recommendation as to how to target the use of PrEP to those most likely to benefit from this intervention, which will likely include drug injectors in some locales.
